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The pneamoauidins ore potent antifungal agents of the ccLauucaii Jiu duss which arc under development for 
use ac broad spectrum anllnrjcotic therapy. One iuipui LujL cviiajderutfon for any new therapeutic class for 
treating rcriooj fungal infections is the potential fui Jiug resistance development. IB this Study we nave 
isolated ond characterized (our independent apotiuneous Candida albicans mutants resistant lo the potent 
semisynthetic pneumocandin L-733,560. Theae luuLants have many of the properties of FKSJ/&TG1 echinp- 
enndin-rcaiatant mutants of Sutxharurnpxt arrvbiae, including (0 CrOSS-rCSis lance W Other 1,3-lSrD-glucan 
synthase inhibitors, such, as papuJaua u Jin and echluDcandlns, hill no change in sensitivity to Other antifungal 
agents; (ii) in ritio gluum oynUmsc activity that Is more resistant to pneumocanduis than the wild-type parent 
enzyme, and (■») dcuinluuilnunt drug resistance In spheroplagt fusion strains. 1 he mutants were compared 
widj C. tdlrkun* ethlniicun din-resistant mutants isolated Dy mutagenesis by L. Beckford and D. Kerridge 
(mutant M-2) (Mbsu. PS3.ll, tn FTooeedings of the XI Congress or the International Society for Human and 
Animal Myology, Montreal, Canada, 1992) and oy A. Cassone, K. Ii. Mason, and IX Kerridge (mutant CA-2) 
(SabDuniudla 1 £97-110, 1981). All of the strains had resistant enzyme activity k vitro. M-2 grew poorly and 
bad low levels of enzyme activity, in contrast, LA-2 and the spontaneous mutants grew as well as the parents 
and had normal levels of gmcan synthase activity. These results suggest that these resistant mutants may have 
alterations in giuean synthase. CA-2 was unable to form germ tubes, an ability retained by the spontaneous 
mutants. The virulence or the spontaneous mutants was unimpaired in a mouse model or disseminated 
candidiasis, wmie M-2 and CA-2 were 2 orders at magnitude less virulent than their parent strains. Signifi- 
cantly, mice challenged with the spontaneous mutant CAI4R1 responded therapeutically to lower levels of 
Lr7J3,M>U than would be predicted by the increase in in vitro susceptibility. 



The pneuniocandiii mid ccliuiuuaiidui lipopcpddcs arc po- 
tent antifungal agculo wufch inhibit the synthesis Of 1,3-p-D- 
giucjui, mi uswutfal Cuugid cell wall component. TTie lack of a 
waniiualian cell counterpart SUggescs laai therapeutic agents 
v»iiich kdubit this synthetic process would be free of mecna- 
nism-bascd toalchy. Compounds in this class are now under 
intensive study for development as broaa-spectrum antifungal 
therapy because of the recent demonstration of efficacy in 
animal models Cot aspergillosis ft 3, "/, ie> ? 62) and Pneumo- 
cystis pneumonia (49, DUj as well as lor candidiasis (4, 22). One 
important consideration lor any new therapeutic class for 
treating serious rungai infecbons is the potential far drug re- 
sistance development. Although microbial dms resistance has 
not been as prevalent tor antifungal agents as for antibacterial 
agenis, there have been clinical failures associated with drug- 
resistant organisms (44. 47). The mechanisms and frequency of 
resistance emergence depend on the antifunjjaj compound and 
the target organism. The natural diploidy of Candida albicans 
and its lack of a sexual cycle require that drug resistance 
mutations be either dominant or present in both alleles for a 
recessive trait. For example, flucytosine (5FC) is a powerful 
aj»ent for the treatment of candidiasis, but its use is oftp.n 
limited by the rapid emergence of resistance in a sensitive 
strain during treatment, In this case. Qic mechanism nf resis- 
tance development is understood (14, niniral isolates 
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or c. albicans arc naturally heterozygous for a variety of re- 
cessive mutations, including 5FC resistance (59). It is postu- 
lated that under The selective pressure of dru£ exposure, mi- 
totic recombination yields the homozygous recessive resistance 
marker. With the increasing use of fluconazole as maintenance 
therapy for AIDS patients and for prophylaxis in many immu- 
nocompromised patient populations, infections with intrinsi- 
cally resistant species or haploid organisms, surti a« Candida 
fausti and Candida xlnhraza. respflniw.ly, arr, becoming more 
common (4n, 53, rTI) Flnmna7olr.-Tcsistanr strains of C albi- 
etimt hsvrt »Uo been isolated (47). At least three mechanism*: of 
flnroTia7ole resistance have been demonstrated, including re- 
duced drug uptake, drug racist anc* in tho target enzyme (a) 
(UnoBtsrol demeihylose &tid A^atcrol dcaaturasc), and in- 
creased louostorol dcmethylaac activity (reviewed in iefcicuui» 
26, 42, 44, and 54), 

No clinical data axe yet avoJUble fui re^i^iance emergence 
for any gluu*u ayuiLiaic iulubiLuni. However, Saecharomyces 
Lcrcvisiac and Schtzosacchnromyces pombs mutants resistant to 
uculcacin A. papulacandln B, and pneumocanOins have been 
isolated in vitro for genetic and biodiernicai studies and sug* 
gesr that more than one mechanism can produce lipopeptide 
resistance in haploid organisms (11, 15. IV, 20, 45). A sponta- 
neous pncumocniidm-resistant mutant of S. cerrvisiae which is 
Mhiold more resistant than the wild type shows in vino enzyme 
activity that is 50-fold less sensitive to the inhibitor than the 
wild-type enzyme (19). Genetic studies showed that resistant 
enzyme activity cosegregales with whole-cell resisLanco and 
thai a mutation in a single gene (FKSI/ETCI fechinocandin 
Largct genej) is responsible for both phenoiypes, In diploids 
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6d06 
M-2 

MY1055 
3153 

CA-2 
CAI4 

CAJ4Rl(Ura + ) 

1006 

981 

hOG639 
M«2Arg" 

Fusancs 

TF2-2, TF2-3. TF2-7, TT2-12 

CF2-2, CF2 -3 

If 1-1, 1 1-1-3. 

CF1-1, CFi-3 

EF1-1, EF1-2, EF1-3 

WTTM, NVTF1-3 

ADFI7 



pJAMIS {UFA5) 
pJAM15 (PrVU) 



CAI4R1 + 981 
CAI4 + 981 
CAMR1 + HOG&39 
CAM +hCX5839 
M-2 + iOOo 
tJ40d + 1006 

b>OC639 



source or 
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* ATCC, American Tjpe Culture Collection. 



tiie resistance phenotypc is semidominani: i.e, diploids het- 
erozygous tor the resistance allele {et§l-J) have MICs inter- 
mediate between those of the wild-type and resistant parents. 
The mutant is cross -res ist ant to dirryropapiilacandin, aculeacin 
A, and other pneumocandin analogs but is unaltered in its 
sensitivity to a large panel of antifungal compounds. Mutant 
MS10 also showed, similar properties (20). The accumulatine 
genetic and biochemical data for S. cemrbiae indicate that 
FKS1 specifics the catalytic subunit of 1.3-p-D-clucan synthase 
required for vegetative growth (IS. 19. 27. 28). Trie FKS2 fiene 
product, with a predicted 90% amino acid identity to Fkslp. 
can substitute, albeit incompletely, when FKSJ function is Inst 
by mutation or deletion (18. 36>. 

Three studies on the emergence of Hpopeptide resistance in 
C. albicans have been reported, Mehta ct si I. rlesrrihe.r1 T TV- 
induced mutants resistant to aculcacin A which havp. alh*r- 
atiODS in cellular lipids (38. 39). Nr> meaciire.m»»jiis nf glucan 
synthase activity or dru^ permeability uve.n- presented. Cacsoce 
tit al. isolated an echinriranHin U-Tcsistant mutant of C. albi- 
can.! (CA-2) which has rhth unusual property of maintaining the 
yeast form irnde.r ihr. in vino conditions that induce hyphal 
»rnwiri (10). While this strain wai not virulent in a mouse 
model of disseminated candidiasis, it wag unexpectedly virulent 
in a model of murine vaginitis, in the latter model, CA 2 did 
form pseudohyphal filaments (13). More recently, Beckford 
and Kerridgc reported the isolation of a number af mutagen- 
induced C albicans and C. glabrata mutants resistant to cchi- 
nocandin B and to the relctod compound cilofungin (6). One 
of the*:* ukraina (M 2) aharcn properties of the J. Cd/t!»u<iue 
erg) 1 and ctgJ-3 mutant:! with respect to engine icaidloiiu: 
and 3cmidomiziazicc (17). M-2 was also lc&a miuIujL in a mouse 
model of disseminated candidiasis (17, 31). 

Strains M-2 and CA-2 *cic dctlvcd fiuui mulugenized cul- 
rurcji (3, 6). Seveiel JiujLcuiniiip of these strains. Including 
alt&Tations in morphology ui giu^di rdte and a lack of conve- 
nient genetic maikeis, IcJ no tu isulaLc new mutants of a 
genetically luiikcd ^tinui, CA14 {uraS) (21). In this paper, we 



describe the isolation and characterization of four spontaneous 
C albicans mutants resistant to the potent semisynthetic pneu- 
mocandin analog 1^733560. The properties of these mutants 
were compared with those of M-2 and CA-2. The spontanfinm 
and induced mutants have many of the phcnntypR); nf .e/. r *r- 
evisiae FKS11ETG1 echinocandin-reia.'stinT (Frh 1 ) rmirsnts, in- 
cluding Specific reRirtancc tn 1,3-p-n-glnrnn synthase inhibitors 
and resistant en^rme activny. Thp vinilr^re of the spontane- 
ous mutants was tin impaired in a mm i*r. model of disseminated 
candidiasis, hnr infer! inns witVi the. mutants could be treated 
with TV7^.5fiO af drug doses lower than ojould have baen 
predir.fRd by in virTo suscepribiliTy testing. The significance of 
ThRSft finding* far clinical resistance is discuescd. 

MATERIALS AND METOOD3 

Ajiiifujt|»! vumpuuinli. PuuuuiuuujUm a nacumU/ occurring (ucuoican- 
din (SI), a»»J L -753,560 (9), a mof* potoai 2omI^nihci^ <*ntcr-»olubk, 6t.il- c- 
llvc. wcie arovided hy KdemictK ar Mftrr.lf PcJrafr.h I *h<tr? rones, Rahwiy. hi J. 
All ccmpouflUs were ^howrj by hi^h-pcrfonnancc tiauid chrara orography to be 
>S5% pare. L-697.7B1 (55) and echimandrc B were picpared ui Merck Flu- 
conazole was cbraiacd rroia Pfirer Oaicral Kesearca. (ifoton. Conn.; 5FC vos 
obooinod rn»n IIofiDann-Li Roche. NuUcj. N J, WdutuunZAiJc ami iirauunazole 
wrc. nhr.iiiy<| horn JanueD PhwB&ecudcAk, Picatawny, NJ.; attd lotbimfint 
wad obtained from SoodOZ PhanDACCulicalS. East Hanover, N .1 An.lrarin a 
(41) wis trvm Toyo Jazo. AJnpboiericin B. njaiaiin, and cunicamyda were 
purchased lioxn Signu ($(. Louis, Mo.). 

Sarins, BctLlSi aaO graml canfflaons- TDc C clbtcvns SLnimx i^ed id tficsc 

•xp«rnn«n« or* tided Id Tabto l.TLa Cohinacnndia-rcalaiMlI 5UAiu 1*1 '2 u.\ iJ jlo 
Wlld-lypc parera. rU/Vi, «rm kindly prnA. Uu\ hy T TVclrfoid, and fiiAia Ca-2 w^c 

froai A. Cassone. The gcaetically marked strains 1G06 and bOGS39 uc/c pro- 
vided by 1 SchrTer and R Poolrer, rapccdvcly. Cultures, were roadaely grown 
ai 3CTC in yean txtratt-pepirjne.fle3[irrjse irrDj wita 1U0 jig of adenine per ml 

(YPDA), is ^aboui'Aud JcaLiv«9c 4£*i , ui in t/udivdi; dmuu$c incdruiD (SD) WAh 
the necemaiy iunplam«mu (51). V 0 r ptr^ih of jtfnina, uHJins added to 
YPDA at 100 uefall (YPDAUd). Mrcuphenolic add (MP a) vjk , w a : .r 5 i c 10 
u#ml in SO where indjea'cd. Ura" auxoirophs were scleacd on medium con* 
mining 1 tug of S-ijuorcorotic acid (FOA) per ml (X, 21), Solid media contuned 
4&r. CtCMoh curves were oowlncd wim Jl'UAUd at iU^ In a Cirroiory 
**l*r balS (Mon? BrunjwJok ScionliJGs Edlxjn, KJ-). Hyphal gjuw J. *09 InOwcd 
at YPC in RPM1 1^0 medium (HIKm) l»<^"nij sodium bicarboniu^ wkh 
glaTanjfld, and buffered with 0.16*5 M moipholinoprcDiiTieculfoiilc add (MOP5) 
at pH 7.0. Where indicated, fetal calf serum was added u> 1 0%. 
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MnUnl Itfoblion. Approximately 2 X 10 7 uamulazenizeH smnrmai}»-rhi'i«* 
cells were spread on YPDAUd plates contanmg 0.2 pj; of 1^733.560 per jrf and 
IDCUDatCd 41 31TC Tor 2d io 4(3 h. Three colonies were purified from u heavy 
UaiAgruuDd af rtjftfual growtlL Tfifl numDcr ot ^WfltancOiiS mulaticnv per geo- 
eiaiioa w dimmed by a fluCLuabVn (cat da fulawv a .uaticnary-pBBK 
mlhnv ofsmic CaIA uas diluL-d m YPDAUd to givo e*- 1 CFUAnl, und 0.5-ml 
aliciuols *cre enrwD «30"C unLit the mhes wiih 1 r.Pl I wiehf d mtioouypbtflc. 
Tec cultures were plated onto ITDAUd coaiainimi 0.S of L-733 JfiO per ml 
and the Dumber arresistint colonics was rated after 2 days. The mutation rale 
\v*j calculated rron tDe Dumber of culture; with no resistant colonies and the 
joumbc* of gcucifiiTuiia L uiu « slu^ha colony to Qlc formula a -{-in/^j/H vfterc 
* i« ih« i>nmb»r of spontaneous mutnriooa per pcacr alIijii, b d<c fi tiuiuu uf 
Lultunec whirh h»rt nn mcfolanl rl^mes, end/T is chc ttumbar of €«U dmMDn£ dut 
occurred from 0 sifldc Cell. 

Spbcrophxt hisigfi md Ileal (bock. 5phcroplasts of exponentially ycwiiij: 
ccUj *ere prepared oy enzyme creation ax described prcylouily (32) except that 
Zjmvlj&M. 100TT (Ditt u-c/iijl) «rtia uacU iuaiuad or man pn cDZyi&c. SpiarOf JliU 
«*ihcd u jtb 1 M norbitol md hr»d by mUing complementer* j Trains la a 
fuaoeen mhruicccasisiina of 2fl<& pnlyrjhylrnr. glynnl i« 10 «nM CaCVlO nl4 
Tri$ WO, pH 7.5. When MPA ran'sUnce vas nscd as tho MlectabJe marker, tbc 
mio of fphcroplasis from sir ain 1006 fMPA*) to spbcroptaHrcm the vikj type 
(Mr a') moj 3:1. For irxalas will) complementary auxotropnlcs. equal numbers of 
apliorojilujfci <«%tc combined. Aficr 30 win *i ?<TC fuaiuu aualu* (fLtianut) weie 
h»FYr*rr.i1, w<ch#<1 wjtb 1 M sorbitol sad cpT»^i onoc o©locu , *tJ modlum (SD or 
SD plus MPA). FuianLi vcre purified on SclocrJwe media twice before ebarnrv 
icriwion. Heat shock (90 s ai 55*Q wns used to reduce the plaidy of fusants 

.Soiu/um^i »u*u:iiiiiiijiu iBdOij]^ mxCs ana minimum fungicidal coaeeoira- 
doaa '*Tfc dcuxTxiin«d in Ymk* Nldogcii Uaao (DiCao) -»itb 19C ^Itjcosc by tbc 
OTotb lDiarjdiluiIon iflsay desa-ihed pTevinrndy (i) Rr«*.fl y , 10* y».nr c*lb weie 
inoculated into USD ad of medium coniaininc twoffbld serial dituiioim orihe cesi 
compound in ntiootiter dishes. GrowUi was monitored visually after liicubatiun 
Ibr 46 b z.l 30"C. Trie vitc «ns ccflncc si the towEst concenirauon ol d/ug 

ebowinc ns vlatblo povdi. For dcicrmioailoiu of tuiiiiuiiMn ruiigjiidjil wimxw 
lmlinn.% nliqunrs rolfr.n frno» rl^» Tn^ritr disbes after la b ol! mcidniion ^r* 
inoculated odio solidi^cd Sabouraud demose qz&i or SD wilh uridine ^nd/rir 
adenine jdded as required. Tbc minimum fungicidal conccniraLon(MFC) wa 
defined us ine iciest conccnuLtloa of drug which reduced tbc CFU by ^lO*. 
Agai* difluMni. uu Ycuei Nliru^un iji-Rr-jftucosc rncfllium were also used to 

rt xim ice drug lojcap Ut iHLj'. E*pof»«iTbltj' paving cuJiurca »ot tnoctflotcd to b 
dcnsiTv of npptoxlmaiclj Iff* QTJi'rnI in mnhrn mrfflum mn1-rt «r» wr, pnd 
5-mnvdiametcr pAper disks samraicd «iih die test compound were applied io 
solidified medium. In some experiments, 10 uJ of drug sohition vas dropped 
dliuudy vuio Lhe wlldfneC afar HjCdJum. 

acDvicy wns mfton»TrH tn C. uiftir-imv membrane* at d«cifl)cd previously (10J. 
The assay mi usurer, the formnTion of radiolsbclod irichloracecic Bcid-preclpJiaMc 
mBtexJol formed from pri)UDr.£tocose. Tic U-j3-r>glucan synthase 50% in- 
brblGory conccLUBUoa (iC^j wu& denned os inc coDCCfluation at which the 
oompound mKibt'u forma don of 20Vt of ilto tiUiIuiumA;uc hjIJ-^ cdpJiabir 
pftlywrrVi.irril* Sp^nnc tcdvity h uprcsicd 3& n»noniol*e of product formed per 
hour per jDiilifiram protein. 

In \iio virulence best ncd recovery of yrasi celb. Ovemijht cultures of CA-% 
M-ii, and tficir dcrrvaiNe* were exouu in SD uldi neccvary ji^plements or 
AclekiiFc -£=ul>, vtasboJ i^ui 13 sierlle pno^QBTe-tnjircrcd saline, ana xesn> 

p«nd«d m VIO of tb» ordinal culiuza -xilumc. rjccnwc SvyccbI 3U*Lu fcuuiod 
Unusual mOrphoh^rio! frirms anA rlnmprd inrj^ih^^ CFUs did doi gi"c a* 
accurate csdmate ol inoculum size, We found that optical denjair as a measure 
of cell mass correlated viLb hemacytometer counts for all sirjins. Therefore, tbc 
culture denary was determined in inree **ny5; itemocytofliaer count. GFU on 
r.DA Cabouraud dcxticec *f ar*uiidiie |/Utc*, iiudXano- CAlA mil Ila dirrr»airue$ 
wrrft tr»n<rr^rm-H »o "n'diae prCtOVOpby **ilb an mUpTli™e vooioi oomalaiflg 
the C albicans URA3 eene (34j before vlrulcucd w determmed. sim-r brfll 
mutants arc not viruJcni in imm.i| models (24. 2°). For M-2 ard CA-2, five 
uulbred LU-l mice ((.Jfflflcs Ui»cr. Wibningion, Mass.) weighing 19 to 21 g were 
used i*j E iu«i>. Cuwpkuieui cujiipcoem o deficient PBa/2N female miua {iy 

ic 21 fl) f/l'Moiue FaTTnc, Gera>ot>touu>. M.Y.) «tc wj:d to determine the »iiu- 
knee of CA14 derivj lives. Mice wc.rr. Injrrjr/H fnir™*nous^y in tbdr laierd-wil 
veins wltb 0.2 ml of serial 10-fold-diluicd cell Suipen-Mons. The final inocula 
ranged from 10^ to 10' ccllt per mo\ise. One mouse per treatment group wns 
.sacrificed ?t 2, 7, 14, 2l, and 26 tUys alter mltction TUc Udneyi ^rre removed 
aud komnp:^.^, pr>d CFU were dciduunisJ jj duuiUxl piievluualy (4). Mon 
hfrliiy «ft H mrirlASiy u.*r» record rd dkily for da^v, Th» 50ft lemal do jo -to 
calf uktcd b> the Knudsen-Qinij method 00). Mulanu were T<*ir.rf fnr a,,cr^r>- 
ability to L-733J60 or umohotcnan B trcauncoi in a disseminatcd-candldJasis 
target organ assay described previously (J). In brict DDA/2K mice wercinfccicd 
-hit yuc-ljuU" djc k-dial duae of pardajlur Strain. TQcrap)' vus initiated KMTn- 

p»n' ton w Hy 15 to 10 mid after ufculkltge. »nC mice UcjIcu Tut a IumI uf 4 

day?. Efflcaqr vras yuantititerl l^y f.FI! gnm of bdacya et 5 dflyi ^rt« 
choUcDge. Five mice were u:ed per croup per experiment, AH procedures we' 
performed in accordance with Lhe highest junda/ds for die humane handling, 
care, und creanpenc of rcicarct) Jinmals and were approved by* \hz MerJc Insth 



Imfect. Immun. 

tutianal AoJieal Can and Uc« CommJnoo. The. cure und ua&of xcacutJi ^iiimab 
at Merck meets or exceeds nil applirahlr. Inral. n>donol, and batefa»tional law 
and regu![iriona 



RESULTS 

Isolation of auvuiaucuua C albicans mutants resistant to 
Lr 753 ,560. In pittliiiiiuiiry aiudies, the concentration of 
L-733^00 dial iulubitcd grtrwth, of CAI4 on YPDAUd pJates 
*» 0JD5 tu 0»l M-g/™ 1 - Therefore, the Drsi att empt to isolate 
spuiii'diieous resistant strains was made by using ine selective 
agent at 0,2 p.grtLuJ. Three resistant colonies iron) 2 X It) 7 
unmutagenized cells were isolated from a single stationary- 
phase culture and characterized runner. The resistance phe- 
norype Tor each strain was stable m the absence of drug in 
multiple serial transiere. We have designated the mutants 
strains CA14K1, -K2, and -R3. Each strain grew well on 
truAUd plates containing 16 of L-733,560 per ml. Since 
the mutants were isolated from a single culture, we cannot rule 
out the possibility that they arc clonally related, and onlv 
CAI4R1 was studied Sn detail- 

Because of high background growth at 0.2 |i£ of l>733360 
per ml, further tests of spontaneous-mutation frequency were 
done at 0.8 |xg/mL In three separate trials, the spontaneous- 
mutation frequency of a bullc culture was between 0.1 and 1 in 
10 7ml. The number of spontaneous mutations per generation 
as assessed by a fluctuation test was 2 X 10~* mutations per 
cell division. Three additional independent mutants, NR2, 
NR3. and NR4, were isolated in these experiments. 

Growth rates and morphologies of resistant mutants. Tn 
view of the observation that the echinocandin-rcnRranr miiT:>nt 
CA-2 is unable to undergo the yeast-ta-hyphql Ttar»siTinn imrW 
standard laboratory conditions (10. 13), w« ftvaminrH the 
growth rates and the fiiament-fnrming ahilirieiK nf iVi* sponta- 
neous resistant mutants. CAT4R1. NR7 NT* ^ ?nd NRd grew 
as budding yeasts in YPDATlri mftrtium The mutants were 
able 10 germinate anrl prndnrp. finrmnl hyphal filaments with 
lhe same kinetics anri fcthne.nry a« thr. pprcnt in RPhdl 16d0 at 
ITC. (d*ta nrtr .^hnwn) The prrnvtri rate of each spontaneous 
mutant was mrtisrinr^iichnble from that of the wilcL type parent 
(data nnT shown) Tn contrast. M-2 grew sigruficantly mors 
clnwly than its parent, 6406, with a doubling time of 130 min m 
YPD.at 30*C compared with 71 min for M06 (F15. 1). Thio 
growth defect more prcmounced at 37° C, whoro tho dou- 
bJing rime for strain $406 was 53 ruin compared with 130 
for In addition, M-2 formed unusual morphological forms 
in YFD liquid and colid madia, wfth mozn/ enlarged cells which 
formed chunpu that wero difficult to dinaociatc with mechanical 
mudag. M 2 did not form hyphnc in YPD with 10% feral calf 
■serum, while 6406 produced a few rrjrphal nlauieuls mulct 
these conditiona (data not jhown). Neither 6406 uui M-2 
duccd detectable hjphac in RTMI 1640 wiLh 10% fcldl calf 
3crdm, but M-2 showed many abnormal fuiuis, souie resem- 
bling multicellular pseadcih/plial ^iowUi. CA-2 yeasi cells did 
not germinate undci any uunJiliuiis. 

S^diriciiv urdiug reals Uinte to gjucan syntriesls inhibitors. 
Tlic ftu^tcpUbiuiJes uf Ujc airaim ll> a wide variety of antifungal 
abulia widi OilTcrcnL mechanisms of action and different chem- 
ical structures were measured in an agar diffusion assay. Kcv 
suits wuti selected compounds for CAI4R1 and its wild-type 
parent are shown in Table 2, CAI4K1 is resistant to the chem- 
ically related compounds aculeaon, echinocandin B, and pneu- 
mo can dins, wnjcri are known to inhibit glucan synthesis, and 
parLially resistant to dmydropapulacandin (L-6S7,781), a stnio 
rarhlly distinct innibitor ol this enzyme activity. The mutant 
was npt resistant to a wide variety of antifungal antibiotics 
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.01 p i • 1 , , . , . 
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lime (hr) 

FIO. 1. Gruwin ur C awtcaw 0400 fiDd M-2 (fich' < ) m liquid TKU. Sawmiea" 
ailnucs of coah iimin ui 30'C u ^rc jubculrurcd into LejJi xiicdiimi uj jii initial 
npricnl denary »i fiflH n rn r»f r» f 1 1 Th» rulturet were grown with cbaULug ai WTC 

(closed jymbols) or 3TC fopea sfwiboU). Ooricol daulilcs of jsrardcs *tns 
measured at the indicated times* 



(data nor shnvn}, mrJuriing agents in clinical use. such as 
arnphnrftrir.rn R„ ih-spona^ole, flucytosine, and fluconazole (Ta- 
Mft 9.) M-7 showed a similar partem of specificity except that 
if not resistant to dilrydrcpapuUcandin (data not efaown). 

Sensi rtviry of glucon cynthasa to pneumocandin is reduced 
in mutant strain*. In view of the specificity of the drug Tooio 
tance of the mutants, the glucan aynthae© activitioa in C albi- 



TABLE 2. SusccpiiDUmcs oi CAJd and CA14R1 to 
antifungal antibiotics 



Zone of inhibition (mm) 
Compound >t^'epoi Wlh: 



CrtJ4 CAiORl 



Cell wall active 








Aculeacin A 


5 


26 


11 


Echinocandm B 


20 


23 


9 


fneumcoadia Bq 


2a 


39 


10 


U667,>ol 


1U 


16 


U 


TunJciunyclD 


10 


13 


iy 


Clinical 








Fluconazole 


J 


23 ih') 


26 


KoiooDnozolo 


10 


35(h) 


3D 


Io-tconaiolc 


10 


24 


23 


Amphotericin B 


A 


IP 


10 


Nystatin 


10 


in 


10 


Flucytosine 


1 


2d 


11 



* n, nary zone, 



TABLE 3. 1^733^560 inhibition of whole cc\h and &luam synthase 
arrnnty frrym ^rhinocandis-xeciAajit nuUmte 



Strain 


Spaci* 


MIC Gig/ml) 


1C» [jlW) 


6406 


17 




0.004 


M*2 


1.5 


35 


>20 


CA.2 


1« 


^32 


>20 


CAI4 


46 


nm 


02 


CAI4R1 


55 


32 


ns 



- inpre&scd as nanomola « hour 1 ♦ nuiii^rain ot proicln -1 . 



can.? mRmriranp.« prRpar<vl from the echinoeon din-resistant 
minanrc f!A-^ M-% end CAI<1R1 were characterized with re 
spArt to specific activity and inhibition by the pneumooandin 
L-733,560. Table 3 shew* that M-2 had only 9% of the glucan 
synthase activity measured in crude extract? of strain 640S. 
This activity was at least 5,000-fold leas oenjid v c to inhi bition 
by L-733,560 than that in the wild type (IC 5C 3 of >20 and 0.004 
HM, respectively). The spontaneous mutant CAI4IU was dif- 
ferent from M 2 in that the apparent IC^ for L-733,5G0 inhi- 
bition woo only fourfold greater than that of its parent (Tabic 
3). Hovevcr, inspection of the inhibition curves (Fig. 2) icvcaIq 
that ghicnn synthase activity from CAI4 can be inhibited muiw 
than 90% by L-733,560 at 20 p.M, but the inhibitoij cffcajl uu 
the ensyme from CaI4R1 docs nor exceed 55%, «*cu aL die 
highest concentrations of the drug. The ciuymc hum CA-2 waa 
'completely resistant to drug conccuti .iiiuns as high as 20 jiivl. 

Semi dominance of cxiiiiiuiauidiu tcabUince In ^phcroplast 
fusion su&iiia. Iu C aft/iLuru, JuLniijancc- of a resistance 
jnaikci wm bt assessed by fubin^ siphcroplasis of diploid strains 
•to ucalc ifcL apluids tind/br polyploids that are maintained by 
5clcciive prc^ure. Assuming that a resistant strain is heterony- 
mous for the mutant cralc and the fusion partner is homozygous 
for the wild-type phenorype (sensitiviry), the resulting tet- 
mploid will Ds reslstanr lor a ruily dominant marKer . With a 
semldomlnant trait, one resistance allele in a tetraploid could 




I n -T- --i ■ ■ ■' i — ■ — — — 

-001 .01 .1 1 10 100 

! IL-733.550] 

i , • , 

' Hti. 2, Inhibition or^Jucap jyaihase (GS) activity L*733,560, Oude mea> 
biauu,* Oum OJJ. CAJ4RJ, and O-- vc;c aicp&red and auayec tor (j^ 
lciK-ii>/ ac daccribed m Materiok and M j thotla. L-733,560 in vntcr vas Added to 
ruction mixtures at finjil rrmrrnrrBTlnns nf nunfid ii> 7ci ,xM. The unouiit oT 
pfoduci sjnihesiTzd urnbout L-733^C0 rcorcscais 1009. for wch GS prcpara- 
a'oaJBars Ludicau; standard deviatians. 
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TABLE 4. Sensitivities of fusinn smrin* m 5fl) 



Strtio coaapooldcu 
and/or Dunf 



MICfrc/mlV 



1006 + Mrl 

EF1-1 

EFl-Z 

nn-3 

1005 + 64QC 

WTF1-3 

WTF1,2 

WTF1 

1006 

M-2,. 



.... 1.5 
.... 3.0 
.... 0J<J 



. 0J6 . ! 

. ojc , 



6406 

M-2Arg- + hOG839 

ADF1-1 

AVtl'2 

ADF1-3-,. 

ADF1-4 



ADF1-6 

AX>Fl-7 

M-OArg" 

hOGSM 



036 

25 . 

0.36 



...... 15 

1.3 
1-5 
....... 1J> 

. 1J ' 

1_3 

6:25 

12S 

.. 0.06 . 



confer partial resistance, or it may not be sufficient for pheno 
typic expression of resistance, such that the mutation will ap- 
pear to be recessive In a tetraploid but not in a diploid. With 
these considerations in mind, M-2 was fused with 1006, a mul- 
tiply auxotrophic strain which carries the dominant selective 
marker for NIP A resistance (MFA1). Selection Cot fusion was 
based on prototrophy and M?A resistance. Individual fusants 
from this procedure are designated EFM, -2. and -3. The 
unsclected marker, echinocandin resistance, was determined; 
for isolated fusants by using unsupplemented MPA-containinit ! 
medium. Fusantj constmcted from the wild-type parent and:| 
1006 served as conrrob (strains WTF1-1, -2, and -3). Ouanti- i 
tativc MIC results for EF1-1 and EF1-2 showed increased;, 
echinocandin resistance compared with that of control fusant* 
WTFl-1, -2, and -3 (Table 4). Because this mcthrd cannot • 
guarantee that fusants are fully letraplnid, the laclr of rinmi- 
nance in the third strain (EF1-3) may ba riii* rn low of th* : \ 
chromosome which carries the raisranrit Comrrsery, i 

resistance in F.Fl-1 and F.F1-7. rmiUl h* the result of chromo» -| 
somal loss of tha wilrt-rype. alW. We sought to distinguish : 
hcrwp.fin rhp.se. air emarnirs by analyzing segregates derived } | 
from fhA fmanK produced by heat shock, a procedure which '• 
rjnutrsi a mducKon of tetraploidi to diploidy and aneuploidy. > 
Survival ?frcr heat shock varied between 1 and 20%, and cur, ;] 
vivois were tested for echinocandin resistance and recovery of ;{ 
auxotrophic markers. None (<0.1S9&) of ih* hoot shock pro£- '.j 
eny of *sr» echinocajidin rooiotont segregants, but we* -1 

did recover L-733,560-recietorit otroins from EF1-1 and EF1-2 ]i 
ai frequencies of 2 and 0S% t respectively (dam not shown), i 1 
In the proems of analyzing heat shock progeny from the;!) 
EF1 1 fusion, a atrain carrying the echinocandin resisuule \\ 
allele and an arginmc aiuTotrophic m&rkei was isolated (M- 
2Arg~). The presence of an auxDti'ophic JiiaikL.1 idiuwed hide- 
pcnd&nt verification of die scuuduuihianLe uf rcsisLancc with a ' 
second fusion. M-2Ai£~ waa fused with hOOB39 {adsl pWi, 
J/1C//-1-), an J of the nine protoirophs isolated were char-- 
«Ucii«wJ. 3u uf die seven fusants had intermediate resistance; 
Lu L-733.560. The remaining fusant was almost as resistant as 1 
M-2Aig~ (Table 4). These results are consistent with those 
prediaed fur a muiaTlon conTerring dominant or semjdorrk? 
iiiiiii resistance In diploid and tetraploid strains. ; ;j 

< i, 'I 
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A ; cimllar a££&im on t of dominance waa conducted foi 
CAI4R1 (Ura~) by fuoing it with atmin hOG639 and aelcctiu^ 
for Iprototrophj, Puaano conatruetod from the wild-t/yc^aACiiL 
and.ihOG839 aerved as controls. Three CAI4R1 fusatJLi 
(T^l-1 ? TF1-3, and TTl-4} and two CAI4 fuaojib CCF1-1 and 
CF1-3) were analyzed for edimocandlii icabtanu: on plates. 
TTl-Jl and TTl-4 failed to £n>» uu 1^733,560-cuntalnlng 
plates; TTIO giew *ell. Bodi CAI4 fusanis were pneumocan- 
dinj sensitive. Quaulilaiive liquid MIC dara confirmed the re- 
sulilsjoUcived unplatas (Table 5). The resistant msant (TF1-3) 
ajidia seusiiivc fusant (TF1-1) were subjected to heat sbocfc, 
andjthe siahle ura3 marker was seleaed directly by spreachng 
hca^hocked cultures onto FQA plates. 1 he uri line-requiring 
Isolates were scored lor unsclcctcd auxotrophic markers and 
1s7S3,5qD resistance. Survival alter heat shock was high (60 to 
80%!}, and few autotrophs were recovered. All of the tested 
FOA-rcsistani segregants lrom I F1-3 (24 of 24) were resistant 
to 1^/33^61). However, only 11 of 24 FOA-resistant segregants 
nom*Tlrl-l were resistant to pneumocandin. Each of the 11 
hch 1 ,} Ura" strains was Ade" p # as would be expected for two 
markers on the same chromosome (35). The single Pro" $tz- 
regant we recovered was L-733,560 resistant. 

Tjq test the idea tbat the mutation in CAI4R1 is semidomi- 
nantjlin diploids but recessive in tetraploids, a second fusion 
wasi: performed with the multiply aurotrophic strain 981 to 
produce strains TF2-1 throuzh TF2-13. Fusants constructed 
lrom; the wild-type parent and 981 served as controls (CFM 
iriroikh CFM3). Nine of 13 TF2 fusants erew on medium 
containing 0.8 ug of L-733.560 per ml, but none of the 13 CF2 
fusants grew at the same drug concentration. Representative 
results from a liquid MIC assay are shown in Table .v Fnnr 
L-73? J60-rcsistaht TF2 fusants (TF2-2. TF2-1, TF?.-R, anri 
TF2|12) and one sensitive fusant (TF2-7) were, haar zhnektA. 
and] die segregants were analyzed as descrihed ahnvi*. Two OF' 



il; 



TABLE 3. Scnsioviries of CAI4R1 Waror) sirains ta L-'tSi^W ana 
•||; icvuTci/ uT leoiaUuii scjjrc^incs ufter heat stioch 



Sl^iii wi.jyuai'ljuu ttuJ/ 



MIC 



9. Ttesiswni «iraln« 

after bcai stock 
(% ofUrO 



tOG839 
CAUTll 
CAI4 1 ? 
981 0 

I*' 

CAT4R1 + K)G 639 
IF1-1 

m-3 
TF1-4; 

11! . 

CAlfi!+ U00 839 
•CFl-i: 
;CFi-3 

lb 

TF2-2 
(TI?2-3 
! TIf2-7 
TF2-S 
■TEfctt ■ 

. R 

CAI*^ 931 
:Qf2-Z 
'aj2-3 ; 



0.06 
32 

0.5-2 



0.125 

8.0 

0.23 



0.125 
0.12S 



2-1 
R- 
1.0 

3^-32 
2-8 



0J06 



46 
100 



100 
100 
31 
12 
36 



<6 



'RlrDJlsiACl on elaito vn" \h 0.R of L-733.5C0 per mL Jte MIC in liqnirl v 
qdL 'dele rmijicd 



■h 
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TABLE 6. Fifty percinr Ir.rhsl Hncm (in^j) /or C. albicans striinc 
In a disseminated candidiasis mrviel 
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I 



LD So (CFU/mcusc (10*J) dq day! 



id 



»l 



CAl4(Ura') 
CAi4R-i(LTra') 

3153 
CA-2 



13 

3.7 
100 



0.53 
0.17 
3.7 
67 



0S3 
0.17 
1NLT. 
ND • 



*ND, not dctctniJiieu. 



CAI'11U( , Uro' , ') l atraina which m.»y be cloiiallj idaicd tu 
CAl4Rl(Um" r ) (data not shown), Infections *idi couh of die 
strains were equally sensitive to aniphoLciichi B UeaUueuL 

DISCUSSION 

' The C ulbicuTis edmiocandin-rcsiscant mutants analyzed in 
Ihb wurk have several properties ID common with analogous 
scinidomlnaiic cchtaocan din-resistant mutants (lobll-ic; 
MS10, and MS14) of J. ecr&lslae (19, 20). Hrst, the resistance 
phenorype of die muianis is specific ro inhibitors oi glucan 
synm'esls. Susceptibility to inhibitors with other modes of ao 
■ lion was unaffected. All of the mutations conferred at lease a 
lO-fold-in creased resistance to lipopeptidc inhibitors of glucan 
synthase (l able 3 and unpublished data). Multidrug resistance 
mechanisms such as drug efflux do not seem to contribute to 
the echinocandin resistance phenorype. From a clinical per- 
spective, it is encouraging that M-2 and CAI4R1 are still sus- 
ceptible to clinically relevant therapies, Le„ amphotericin B, 
fluconazole, itraconazole, and 5FC in vitro (Table 2 and un- 
published data). Moreover, all of the mutants are sensitive to 
amphotericin B in a murine model of candidiasis (Table 7 and 
data not shown). In additioa an amphotericin B-iesistant C. 
albicans strain is still susceptible to echinocandin in vitro (12). 

! Growth under laboratory conditions is unimpaired for rive of 
the six 1/733, 560-resistani Candida mutants and several of the 
S-' ccrevisi&e ml Ech r mutants. The snecinc accMiy of 
D-'ahican synthase from these strains is equivalent Id that of the 
wlld : type and therefore, effects on growth would not be. ex- 
pected.' Strain M-2 grows quite slowly, but it* growth impair- 
ment may not be due entirely to the Fr.hT php.nnryp^ 
M-2Arg~- the segregant isolated frnrn the fusion of 
andMrJ. was as resistant ro T^TO.WI a* it? parent, bin this 
isolate had faster, alhrir still impaired, growth (unpublished 
data). FnrrhftT analysis of M-?Ar(j~ will be required to estab- 
lish rhrt mlft nf rhn Arhmocpndin resistance mutation in the 
grouri ti T?ti? in this strain. Despite the difference in growth rat*, 
Mr?Arg~~ and M-2 are nearly equally echinocandin resistant in 
vitro (Table a), which eliminates tlow growth as the primary 
reason for drus resistance. 

[Ihe mod signtneant similarity between the C. albicans oohi 
no can din -resistant mutants and the 5. cem-isLic eohinocondin- 
resisunt mutants is tha diminished Gucceptibiliry to inhibition 
byj pneumocandins of the in vitro glucan synthase activity. The 
glucan lynlhose. activities from CA 2 and M-2 *crc the moat 
resistant of the Candida mutonu, with IC 50 3 of > 20 (jlM, an 
inaroaao of more than 5,000-fold compared with the -vrild type. 
Aa in the caac of the S. ccrevisiac etgl*l mutant (19), die 
grcatcr-than-50-told increase in MIC for CA-2 and M-2 uui be 
explained hy a qualitatively large incicasc in ibe IC 30 fui the in 
vitro enzyme. The results foi CAI4R1 arc murc duTicult co 
explain by the same uiuUel, Tliu; MIC Tor this strain Is increased 
at ilc»l 100-fuld, rtliilc die ICjq is increased only 4-fold. The 
facl ihal wild-type enzyme activity inhibited by with 20 
u.M ,1^733,5(50 but the mutant enzyme cannoL be inhibited to 
aniequlvajent extent, even at 32 uM 1^733,560 (data not shown), 
suggests that me mrtibiiion curve represents a mixture ot sensitive 
and resistant enzyme activities (Fig. 2). 1 Jus would be expected it* 
Xh6 mutants are heterozygous with respect to the resistance locus 
anil the' mutation is seimdominanr in diploids. Growth at high 
concentrations oi l/tfip6U would be dependent on the nsidual 
4D^pl gjucan synthase activity' detected in vitro. 5. ccrcvisiac 
mutants with an insertion-deletion at the FKS1 locus have ap* 

... ,. _., . pnWiatcly 20% of wild-rype in vitro glucan synthase activity; 

*MF C. minimum rungfddai ocirccatrodoa; ED^. 99* ettecii^ dose; ambJ; \ F«umably, the remaining glucan synthase actfvjty is from the 

redundant, but alternatively regulated, FK52 gene (18. 36). AJ- 



tusants seized aa lwjiLiuL;. Twu of Lhe resistant rugants (TP2-2 ' 
a*jd TF2-3) weic icliaulury to heat shock Wiling, as all or the 
bipui cella suivived the s tandard protocol and all oi the seg- . 
regains were foa rcslscant, Ura", and I^733^d0 rcsistanrL ■ 
The remaining strains (TT2-7, TF2-5 ? and TF2-12) were ser>, ' 
sltlvc to heai shock, wiU: survival values between AO to 7U%: ' 
Each rusant gave rise to i iilly L-V^60-resistant colonics after 1 
beat shock when undine prototxophs were selected on FOA In ; 
two separate experiments with TF2-7, 1 of 40 and 15 of 43 ' 
l:UA-resisiant colonies were fully resistant to L-733,560. Three i 
lysine and three 3tginine auxotiophs were recovered. S imuaf ' 
results were obtained for TF2-S and TF2-12 (2 of 16 and 9 oi* 
25 L-733,560-resistant strains among FOA-selected colonies^ ■ 
respectiyery). The control fusions gave the frequencies typical, > 
of Ura auxotrophs after heat shock, and none of the 37 
FOA-resistant colonics we recovered was re$t3tant to L-733^560: 

Virulence studies. The virulence of the. ecbinc^ndm-resis:' : 
tant mutant M-2 was at least 30-fold reduced compared with ' 
that of its parent strain in a survival srudy using CD-I mice • 
f50% lethal doses at 14 days postinfection of 1.7 X 10 7 and 5 x : 
10 3 CFU per mouse, respectively). Cultures growo from iso- ( ' 
latcd colonies recovered from infected kidneys retained their 1 : 
resistance to L-733.560. Strain CA-2 and Ura" derivatives of ; 
CAI4R1 and CAl4 weie tested for virulence in DBA/2N mirej ' 
a moie sensitive model for disseminated candidiasis. The. tft- 1 . r 
suits from a representative trial (Table n) riemnn«TraTP. Thar i-hr!' 
spontaneous CAI4R1 mutant was as virulent as r-AT4{TTra + j' ; 
in this animal model. Tn cnntrrKt, and in arrorrl wi»h previous,; 
reports (13). CA-2 was ar Ip.a.ct 1 nrHftT of magnitude less ' 
virulent than rhe parent srrnin 315?. Interestingly, as many as. 
1fl s CFIl ppr n nf kidnry ncir. recovered from the survivors of : 
CA-^-inrrtrtrrl mire inon.ilated with 10 s cells. j: ' 

Thi». fnll vinilrncc of CAl«tRl(Ura ,i ") in animal models al-j- ■ 
lowed vs to test whethei in viLro resistance was manifest as 
resistance to drug treatment in vivo. Despite an incrcaLe in tha \ 
MFC of L-733,560 of more than 1,000 fold (from £0.06 to 64 >! 
tig/ml), the disseminated candidiasis produeod by CAI4R1 1 
(Ura"'') was stih succeptibld to trootmont with L-733^60, and! ; 
the 99% effectivo dooo in the diucminated-candidia^i} model [! 
woo mcroa^cd only S-fold (Tabic 7). Similar results were ob-| f 
toinod for the spontaneous Eohr 1 mutants CAl4R2(Ura" r ) an 
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TABLE 1. lo vitro and in vivo susceptibilities 0 j mutant and wild- 
type strain* to L-733,560" 



Strain 


MFC (>i^'iul) 


EDao 




AMB 1^733,560 


AMU 


U733,5«0 






0.06 


- 

0-05 


CAl>lRl(Ur»-) 


0.125 64 


0.03 


0.40, 



rii 



araptjctcncu) H. 



il 



! hi 
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lhaugh such strains errw more slowly than the wild type, they are , 
able tn snrwivft. Th* MIC assay used to determine echinoemdm ( 
fltmprihilily is ?n endpoint assay and may not be able to detect , 
ihr. subtle differences in the growth rates with and without the . 
drug. We have demonstrated that for C albicans, the MIC of , 
1/733,560 correlates with the concentration of drug that inhibit* 
cell wall gjucan syntheeic in whole ocllo by 80^ as measured by 
incorporation of radiolabeled glucojo in polymers (33, 43). 

Because of the limitations of the methods, the generic anal- 
ysis of the C albicans mutants presented here supports, but lau 
not prove, that the mucationa wc describe aic dominant ui 
occudominant. Paxaaoxu;>l analysis requiic* die fuiuialkm uT 
tcuacloids by cell fusion and subsequent i«duciiuii iu plLridy by 
heat shock. Usingthis methud, t»w obtained fusants (EF1-1 and 
ET1-2) of M-2 and 100(5 dial dearly behaved as if They were 
tcuaploid fui the duuinusume that carries trie resistance al- 
lele, Ediiijucandin resisiiince was Intermediate in such fusants. 
as cA^ccicd, fully resistant strains were recovered among the 
progeny produced by heat Shock of EF1-I or rusant 
EFl-3 was the exception to this pattern because it aid not yield 
resistant scgregants alter heat shock, We believe that this tu- 
sant was not tetrapioid for the resistance locus and did not 
carry rue Ech r allele. Efforts to select lusants of strain CA-2 with 
strain 100b proved problematic because of significant growth by 
and its parent on Ml*A plates (unpublished data). 
The fusants of OU4K1 to hOG839 or 981 presented a more 
complicated pattern because of the difficulties of hybrid anal- 
ysis in C albicans. Even when nuclear fusion has .been 
achieved, each hybrid formed by protoplast fusion can have a 
different genome stability (48). Although there is a formal ; 
possibility that prototropns obtained by fusion may be hetero* 
karyons, fusaats selected for MPA resistance should be mono- 
nuclear, since the resistance marker is not dominant m hetcro- 
karvons (23). However, strains 1T1-3. TF2-2. and TF2-3 must 
have been unstable nuclear fusants. because growth on nonse- 
lective media produced uniform colonics which were all.phe- 
notypically like CAI4R1, i.e.. fully resistant to L-733 .56Q and 
Ura" Two classes of true fusants were obtained. The behavior 
of the first dass (TF1-1 and TF2-7) surest* that the mutant 
allele from CAI4RI must be recessive; the fusants weTe; fully 
sensitive to the pneumocandin. but resistant sftcre.gnnrs wp.^ 
recovered after heat shock (Table 5). Tn contrast, rh* heavier 
of the second dass (TF2-8 and TF7-1?.) impli* th*' the mu- 
lation is semidorninant.; Thp. strains hsH intermediate resis- 
tance, and resistant spgr**™* were recovered after .heat 
shock. One eTplanarinn for these results is that fusions in the 
first class may hp. fully tetrapioid for the resistance locus (BchV 
Frh*jV.rh 0 fPrh*) and that one mutant allele ie incurficieat to 
m ? rVr<fly alter sensitivity to the drug in whole call aeaay*. Be 
cause the selection procedure used only four genetic markers, 
this analysis can not guarantee thai all chromosomes are tet- 
rapioid in any individual fucont. Fuoonts in the aecond ,daw 
may be polyploid, but they rnny bo diploid or ancuplaid at the 
rceistanca locus (Eeh r /Eoh 5 or Ech7Ech r /Ech s ), yielding reais- 
tance levels clocer to tho original parent. There are intrinsic 
differenccG in tho cehinoca/idm susceptibilities of die »ai iijua 
wild type atraina used for jpheroplast fusions. Dj^ ioiisilivllv 
would therefore depend upon which "wild-type" Ewli* allele 
the ancuploid attain retains. Woik with torsive and domi- 
nant 5TC resistance deuKuwLatttd dial die most common or- 
igin at" recessive sc S icgmii3 derived Irum teiraplold hybrids was 
a reductiuii uf pluidy rather than recombination (59, 0*0): "We 
ha*c icccndv used a cloned fragment ol the C albicans /XSi 
ituuwlug io creiiLe targeted disruptions in CAI4R I. Our results 
auggcai "dial the mutani has one copy of a wild-type J-Jf-M, 
huujulug and one copy ot a resistance allele pi, 4UJ. 
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* i ijho lovel of L-733,560 resistance of strain CAMU (Ura*) 
in "MFC assays (l,000-*old) was not couiineuauiaLe wilh the 
inercaac m ED W in the animal model tvi dbacminated candl- 
diaaw (Tabic 7). runner «oik "» ucuJed to define the relatlon- 
sfaip between in vitio ^uoucpUbiliiy results and In vfvo acdVity 
Tcaulta fox this clasa uf cuuipounda. Mdnryre and Galglani (37) 
have shown thai Uie in vitro susccptlbllrdes ol C albicans 
. suaina U> severed anuTungal antibiotics are dependent on the 
kiuwdi medium. In ihclr scud)', ibe in vivo efricscy of cuorun- 
Wu,:an echinocandin B analog, correlated more closely to the 
: in vliro 5USCcprtbUlry at pH 3.0 than at pfl 7.4 (37). it wiU be 
important to develop correlations of in vitro susceptibility, in 
vrvr> activity in animal models, and clinical outcome when the 
1 ecftmocandh) class of antnungal agents are tested in clinical 
trials, If laboratory-generated mutants such as CA]4R1 are 
! predictive ol the type of prjeumocandni resistance mutations 
that may arise in vivo, we anticipate that such mutated strains 
inay not pose a significant clinical problem. 
1 '( ! 
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